Tumor expression of the proliferation antigen Ki67 is widely used to assess the prognosis of cancer patients. A change in the expression of Ki67 after short-term exposure of patients to therapeutic agents is frequently used as a pharmacodynamic marker of efficacy, particularly among breast cancer patients before undergoing surgery. To determine the clinical significance of the level of tumor cell proliferation during endocrine therapy for breast cancer, we measured the expression of Ki67 in tumor biopsy samples taken before and after 2 weeks of presurgical treatment with anastrozole or tamoxifen or the combination of anastrozole plus tamoxifen in 158 patients with hormone receptor-positive primary disease. In a multivariable analysis, we found that higher Ki67 expression after 2 weeks of endocrine therapy was statistically significantly associated with lower recurrence-free survival (P = .004) whereas higher Ki67 expression at baseline was not. Larger baseline tumor size and lower estrogen receptor level after 2 weeks of treatment were also statistically significantly associated with poorer recurrence-free survival (P<.001 and P = .04, respectively). Our data indicate that measurements of tumor Ki67 level after short-term endocrine treatment may improve the prediction of recurrence-free survival by integrating the prognostic value of Ki67 level at baseline with changes in Ki67 level that are associated with treatment benefit.
Adjuvant medical therapy for patients with primary breast cancer has led to a substantial reduction in mortality from this disease (1) . However, adjuvant therapy trials to test the many new agents that are in development would require thousands of patients, many years of follow-up, and very large resources. In the absence of such trial data, there is an urgent need for biomarkers of efficacy that can reliably predict long-term outcomes. Endocrine treatments for breast cancer appear to act largely by inhibiting tumor cell proliferation. Thus, markers of tumor cell proliferation, such as Ki67, are candidate markers of efficacy that can be evaluated after short-term (e.g., 2 weeks) treatment of primary breast cancer patients, before they undergo surgery.
We have previously reported (2) that among estrogen receptor (ER)-positive postmenopausal patients with primary breast cancer enrolled in the Immediate Preoperative Anastrozole, Tamoxifen, or Combined with Tamoxifen (IMPACT) trial, 2 weeks of treatment with the aromatase inhibitor anastrozole suppressed Ki67 expression (measured as a percentage of baseline expression) statistically sign i fi cantly more than tamoxifen alone or tamoxifen in combination with anastrozole. In an indirect comparison, both the change in tumor Ki67 expression as a percentage of baseline expression and the absolute level of tumor Ki67 expression after 2 weeks of treatment paralleled the greater recurrence-free survival observed among more than 9300 patients treated with anastrozole versus tamoxifen or the com bination in an adjuvant trial (the Arimidex, Tamoxifen, Alone or in Combination [ATAC] trial) (3), suggesting that short-term change in Ki67 expression is a valid predictor of long-term outcome.
On the basis of these fi ndings, we postulated that measurements of residual tumor proliferation after 2 weeks of endocrine therapy as assessed by Ki67 expression might predict the recurrence-free survival of individual patients and that this measurement might be a more accurate predictor of this long-term outcome than measurements of tumor Ki67 before treatment, which would not refl ect the effects of treatment. We therefore compared the expression of Ki67 (percentage of immunoreactive tumor cells) after 2 weeks with the expression of Ki67 at baseline as predictors of recurrence-free survival among patients enrolled in the IMPACT trial. This was an unplanned, exploratory analysis.
IMPACT was a double-blind, doubleplacebo, multicenter trial in which previously untreated postmenopausal women with ER-positive invasive primary breast cancer were randomly assigned to receive anastrozole (1 mg) plus tamoxifen placebo, tamoxifen (20 mg) plus anastrozole placebo, or tamoxifen plus anastrozole once a day for 12 weeks before they underwent surgery (2, 4) . The same treatment given as neoadjuvant treatment continued as adjuvant treatment. Clinical tumor size was measured using a caliper. Clinical nodal status at baseline was determined by phy sical examination. Pathologic nodal status was unavailable in this trial at the 2-week analysis point. Core-cut biopsy samples were obtained before therapy (i.e., at baseline) and at 2 weeks after the start of therapy (nonobligatory), and excision biopsy samples were obtained at surgery. Biopsy samples were fi xed in neutral-buffered formalin for 24-48 hours and embedded in paraffi n wax, and sections of 3-4 m were taken and stained for Ki67 using a mouse monoclonal antibody (MIB-1 at 1 : 50 dilution; DakoCytomation, Cambridge, U.K.) and for apoptosis using the terminal deoxynucleotidyltransferasemediated UTP end-labeling (TUNEL) method to incorporate biotinylated deoxyuridine (Roche Diagnostics, Mannheim, Germany) at DNA strand breaks with terminal deoxynucleotidyltransferase (Amersham Biosciences, Piscataway, NJ). Light microscopic visualization of the incorporated biotinylated deoxyuridine was performed after the addition of an avidinperoxidase conjugate followed by 3′3′di -a minobenzidine, as previously described (5) . Ki67-and TUNEL-positive cells were defi ned by the presence of brown staining nuclei; TUNEL-positive cells were also required to show classical apoptotic morphology (e.g., shrinkage of cytoplasm and condensed misshapen nuclei). The percentages of Ki67-and TUNEL-positive cells were scored among 1000 and 3000 malignant cells, respectively. ER levels were measured immunohistochemically using a mouse monoclonal antibody (clone 6F11; Novocastra, Newcastle upon Tyne, U.K.) at a 1 : 40 dilution and assessed by the H-score, which incorporates both the intensity of staining (scored from 0 to 3) and the percentage of cells stained and ranges from 0 (no ER expression) to 300 (high ER expression).
A total of 330 patients were entered into the IMPACT trial (4). Baseline biopsy samples were available for 241 eligible patients and 2-week biopsy samples were available for 159 patients (2). Paired biopsy samples (i.e., baseline and 2-week samples) were available for 158 eligible patients. The primary endpoints of the IMPACT trial-objective response and change in the percentage of Ki67-positive cells between baseline and 2 weeks of treatment-were previously reported in detail, without regard to recurrence-free survival (2,4). The study was approved fi rst by a national multicenter ethics committee and subsequently by individual local research committees of all participating centers. All patients gave written informed consent before study enrollment.
A Cox proportional hazards regression model was used for multivariable analysis of the association between Ki67 expression and recurrence-free survival after transformation of the percentage of Ki67-positive cells to natural logarithms to normalize the data, and hazard ratios (HRs) with 95% confi dence intervals (CIs) were calculated for a 1-unit increase in log Ki67. The model was developed using forward stepwise regression and was checked using backward stepwise regression. Both methods gave the same results. Compliance with the proportional hazards assumption was assessed by fi tting time-dependent covariates that allowed the hazard ratios to differ with follow-up time. The P values for the covariate size, 2-week ER, and 2-week Ki67 were .67, .95, and .38, respectively. Recurrence-free survival was defi ned as the time from randomization to fi rst local or distant recurrence; patients who did not have a recurrence were censored on the date of their last follow-up. Kaplan-Meier curves were used to estimate recurren cefree survival according to approximate tertiles of log Ki67, and a log-rank test for trend was used to compare the curves. P less than or equal to .05 was considered statistically signifi cant, and all statistical tests were two-sided.
After a median follow-up of 37 months (range = 4-88 months), the median duration of therapy was 30 months. At the 37-month time point, there were 25 relapses: two were local, 18 were distant, and fi ve were both local and distant. Univariate analyses revealed that larger baseline tumor size, higher percentage of Ki67-positive tumor cells at baseline and after 2 weeks of treatment, and lower ER level at baseline and after 2 weeks of treatment were statistically signifi cantly inversely associated with recurrence-free survival (Table 1) . Clinical nodal status at baseline and percentage of apoptotic (i.e., TUNEL-positive) cells at baseline and after 2 weeks of treatment were not associated with recurrence-free survival. The type of endocrine treatment received was also not statistically significantly associated with recurrence-free survival: the ATAC trial required many thousands of patients to reveal such associations (3). The Kaplan-Meier curves for recurrence-free survival (Fig. 1) according to tertiles of tumor Ki67 expression suggested that tumor Ki67 expression after 2 weeks of treatment (log-rank P = .008) was more strongly associated with recurrencefree survival than tumor Ki67 expression at baseline (log-rank P = .07). There was no consistent separation of the curves for the lower two tertiles of baseline Ki67 expression. By contrast, all three curves for tertiles of 2-week Ki67 expression showed substantial and consistent separation after a median duration of treatment of approximately 2.5 years, with 5-year recurrencefree survival rates of 85%, 75%, and 60% for the lowest, middle, and highest tertiles of 2-week Ki67 expression, respectively.
Multivariable analysis of variables that were statistically signifi cantly associated with recurrence-free survival in the univariate analysis revealed that baseline tumor size and 2-week Ki67 expression remained strongly associated with recurrence-free survival (baseline tumor size HR = 1.69, 95% CI = 1.36 to 2.1, P<.001; 2-week Ki67 HR = 1.95, 95% CI = 1.23 to 3.07, P = .004) and that 2-week ER level also remained statistically signifi cantly associated with recurrence-free survival, although
CONTEXT AND CAVEATS

Prior knowledge
Tumor expression of the cell proliferation antigen Ki67 is widely used to select the best treatment for and to predict the prognosis of breast cancer patients. However, it is not known if tumor Ki67 expression after short-term endocrine therapy can predict recurrence-free survival of individual patients or if it is a more accurate predictor of recurrence-free survival than measurements of tumor Ki67 before treatment.
Study design
Ki67 levels in breast tumor biopsy samples taken before and after 2 weeks of presurgical endocrine treatment were evaluated as predictors of recurrence-free survival in postmenopausal primary breast cancer patients enrolled in the IMPACT trial.
Contributions
Higher tumor Ki67 expression predicted worse recurrence-free survival better after 2 weeks of adjuvant therapy than before adjuvant therapy.
Implications
Measurements of tumor Ki67 expression after short-term endocrine treatment may improve the prediction of recurrence-free survival for breast cancer patients.
Limitations
The conclusions were based on a small num ber of patients. Larger studies are needed to confirm the results.
the magnitude of the latter association had weakened (HR = 0.98, 95% CI = 0.62 to 0.99, P = .04). We reasoned that if the change in the percentage of Ki67-positive tumor cells after treatment was more strongly associated with recurrence-free survival than the absolute percentage of Ki67-positive tumor cells after 2 weeks of treatment, then Ki67 expression at both baseline and after 2 weeks of treatment should be statistically signifi cantly associated with recurrence-free survival in the multivariable analysis, but this was not the case. Although the baseline values for both Ki67 positivity and ER positivity were moderately correlated with the respective 2-week values (Spearman's ρ = .57 [Ki67] and .46 [ER]), when we used the change in Ki67 expression in the multivariable model (instead of the absolute level of Ki67 at 2 weeks), the hazard ratio decreased from 1.95 (95% CI = 1.23 to 3.07) to 1.39 (95% CI = 0.91 to 2.13; P = .13). When both baseline and 2-week Ki67 expression were entered into the multivariable model, the hazard ratio for baseline Ki67 expression was 1.09 (95% CI = 0.60 to 1.99), indicating that this variable was not statistically signifi cantly associated with recurrencefree survival. Values of these parameters were transformed using natural logarithms before they were entered into the Cox regression model. A unit change on the transformed scale represents a 2.7-fold change on the untransformed scale. HR = hazard ratio; CI = confidence interval; -= not statistically significant in the univariate or multivariable analyses; ER = estrogen receptor; TUNEL = terminal deoxynucleotidyltransferase-mediated UTP end-labeling. † Number of events/number of patients: 25/152. The numbers of patients differ for the different factors because there were insufficient cells in the tumor sections to make a reliable estimate in a small number of cases and because clinical nodal status was not recorded for one patient.
This study is small, and thus, our fi ndings must be interpreted cautiously; however, they suggest some potentially important and novel principles with regard to molecular prognostication. First, our data provide support for the notion that the effect of 2 weeks of endocrine treatment on tumor cell Ki67 expression is indicative of the effect of the treatment in terms of long-term patient outcome. Second, the data have important implications for predicting the outcome for individual patients receiving adjuvant endocrine therapy. It is logical that the change in tumor cell Ki67 expression might be related to treatment benefi t, and it is well known (and confi rmed here) that tumor cell Ki67 expression before treatment is related to prognosis (6, 7) ; by extrapolation we infer that measurements of tumor cell Ki67 expression after 2 weeks of treatment may integrate the intrinsic prognostic value of baseline Ki67 expression measurements and the predictive value of the endocrine treatment-determined changes in Ki67 expression. For these reasons, we expected that tumor cell Ki67 expression after 2 weeks of treatment would predict outcomes on the respective therapies better than tumor cell Ki67 expression at baseline. Indeed our fi nding that baseline Ki67 expression was not statistically signifi cantly associated with recurrence-free survival in the multivariable model supports the concept that patients who have high baseline Ki67 expression but low 2-week Ki67 expression should have a clinical outcome similar to that of patients who have low baseline Ki67 expression. However, because of the small number of patients in this study, it was not possible to confi rm this equivalence. Thus, this concept requires further study before it is widely accepted.
It is possible that the concept of improving the accuracy of prognostic assessment by conducting this assessment on tumor biopsy samples taken after exposure to therapy may apply to other molecular pathologic markers. We have reported in a different series of breast cancer patients that tumor expression of more than 2800 genes changed after 2 weeks of treatment with an aromatase inhibitor (false discovery rate = 0.01), suggesting that biologically responsive tumors undergo radical changes at the transcriptional level in response to short-term therapy (8) . Several studies have reported that RNA profi les from primary breast carcinomas have prognostic value (9, 10) , and a small number of clinical trials have been designed to test the impact of introducing tumor RNA profi ling into clinical practice (11) . Our fi ndings on the improved prognostic value of Ki67 expression after short-term endocrine therapy, when considered in the light of the differences in tumor gene expression we observed after 2 weeks of treatment with an aromatase inhibitor, suggest that molecular profi ling of treated tumors could be more predictive of outcome on a particular treatment than molecular profi ling of tumors before treatment. However, it is also plausible that 2 weeks of treatment could affect the expression of some of the key factors known to be associated with prognosis (e.g., the progesterone receptor), which would weaken their predictive values if they were measured after several weeks of treatment. We plan to test the hypothesis that molecular prognos tication is improved when conducted on tumors after short-term endocrine treatment as a primary aim of the Peri-Operative Endocrine Treatment for Individualizing Care trial, a large randomized trial of 2-week perioperative treatment with an aromatase inhibitor or not in women with primary hormone receptor-positive breast cancer. If in that trial expression of Ki67 or other molecular indices are found to have clinically signifi cant value for predicting recurrence-free survival, only a modest change in clinical practice with minimal resource implications would be required to deliver this type of predictive testing on a routine basis, by initiating adjuvant endocrine treatment 2 weeks before surgery rather than afterward.
